Introductions of non-native lineages increase opportunities for hybridization. Non-native lineages of the common wall lizard, Podarcis muralis, are frequently introduced in cities where they hybridize with native populations. We aimed at unravelling the invasion history and admixture of native and non-native wall lizards in four German cities using citywide, comprehensive sampling. We barcoded and genotyped 826 lizards and tested if gene flow in populations composed of admixed native and introduced lineages is facilitated by similar environmental factors to those in native populations by comparing fine-scale landscape genetic patterns. In cities with non-native lineages, lizards commonly occurred in numerous clusters of hybrid swarms, which showed variable lineage composition, consisting of up to four distinct evolutionary lineages. Hybrid swarms held vast genetic diversity and showed recent admixture with other hybrid swarms. Landscape genetic analyses showed differential effects of cityscape structures across cities, but identified water bodies as strong barriers to gene flow in both native and admixed populations. By contrast, railway tracks facilitated gene flow of admixed populations only. Our study shows that cities represent unique settings for hybridization, caused by multiple introductions of non-native taxa. Cityscape structure and invasion histories of cities will determine future evolutionary pathways at these novel hybrid zones.
Introduction
In cities, individuals experience unique selective forces that can make long-term persistence of populations particularly difficult [1 -3] . Anthropogenic factors such as roads, traffic, human disturbances or buildings may act as barriers to gene flow within cities [4, 5] . Consequently, genetic drift may increase differentiation of urban populations [6] [7] [8] [9] through the combined effects of isolation and reduction in population size. Nonetheless, many species thrive in cities [5, 10, 11] , such as urban resident and human commensal species [12] , and may disperse well throughout the cityscape [13] [14] [15] [16] .
The effect of barriers on gene flow can be quantified using landscape genetics. Studies on urban gene flow have shown disparate results depending on the species' ecology. For example, green spaces facilitate gene flow in European hedgehogs, Erinaceus europaeus [17] , white footed mice, Peromyscus leucopus [14] and striped field mice, Apodemus agrarius [18] . Canopy cover has been identified as a barrier to gene flow in common wall lizards, Podarcis muralis [16] and the garden snail, Cornu aspersum [19] . Finally, rivers represent corridors for fire salamanders, Salamandra salamandra [20] , but barriers to European hedgehogs and common wall lizards [16, 17] . Interestingly, major anthropogenic structures (e.g. buildings) appear to be less important for gene flow in cities than expected, although buildings hampered gene flow in common wall lizards and the garden snail [16, 19] . On the contrary, multi-scale analyses in the garden snail revealed that transportation infrastructure, such as roads, can enhance urban gene flow [19] . These few examples show that the way in which environmental factors act as barriers or corridors is expected to vary between species because of their different habitat requirements and dispersal abilities. However, few landscape genetic studies used replicated settings for a single species [5, 21] , and the single one on gene flow within cities demonstrated differential effects of environmental factors across urban landscape replicates [19] . This suggests that the idiosyncratic structures of cityscapes may play a major role affecting urban gene flow.
Introductions of non-native lineages (species, subspecies or other evolutionary divergent units) are frequent in cities [22, 23] . Concerns have been put forward warning of a global biotic homogenization driven by the spread of invasive species and urbanization [24] , while native species decrease [25, 26] . In addition to the changes in communities, introductions have also led to an unprecedented number of encounters between lineages previously separated by natural barriers [27] [28] [29] . These encounters facilitate hybridization and initiate gene flow between previously isolated lineages, leading to genetic homogenization [30 -32] .
Hybridization is a key process shaping the genetic structure of populations [23, 33, 34] . It is defined as 'reproduction between members of genetically distinct populations, producing offspring of mixed ancestry', which applies to both inter-and intraspecific interactions [35] . While founder effects usually increase genetic drift and differentiation caused by a loss of genetic diversity [36] , hybridization increases genetic diversity [37] . Depending on hybrid fitness, fitness of parental taxa and relative hybrid abundances, hybridization can result in heterosis and adaptive introgression [38] , formation of stable hybrid zones [39] , admixture, formation of hybrid swarms [40] or hybrid speciation [35] . A recent review on outcomes of hybridization caused by anthropogenic habitat disturbance most commonly detected admixture and the emergence of hybrid swarms [41] . Hybrid swarms are characterized by extensive admixture of parental taxa, whose genotypes are no longer present but have merged into a unique population of hybrids [42] . They are an intermediate evolutionary phase, which may lead to complete genomic extinction of parental taxa or formation of hybrid species [40] . Therefore, they are interesting systems for the study of evolutionary trajectories. However, despite the importance of urban areas for novel species interactions, hybridization has so far rarely been studied in cities (but see a study on chipmunks [43] ).
To examine environmental drivers of hybridization in cities, the common wall lizard is a well-suited study species. These lizards are common in cities [44] and introductions of non-native evolutionary lineages within cities have been reported frequently [45] . Furthermore, hybridization readily occurs upon secondary contact of lineages, potentially leading to the formation of hybrid swarms [34, 46, 47] . The processes that involve the formation of a hybrid swarm will not only depend on the invasion history, but also on environmental characteristics of the respective cityscape. As environmental characteristics vary among cityscapes, they can influence dispersal of lineages and determine opportunities for admixture. Environmental drivers have been shown to facilitate the spread of a non-native wall lizard population along railway tracks in a non-urban area in southern Germany [48] , while a river was identified as a major barrier to gene flow in the native population of the city of Trier, western Germany [16] . However, it remains unknown whether landscape genetic results can be generalized across cities [19] . Furthermore, the extent of introductions and the degree of admixture have not been fully quantified within cities.
Making use of the unique and dynamic situation of common wall lizards within and among German cities, we barcoded and genotyped 826 lizards from four German cities, all within the range of the native 'Eastern France' evolutionary lineage [34] . We chose two cities to represent only native populations and two cities with a known presence of non-native evolutionary lineages [34] . We aimed to (1) unravel the invasion history within cities and quantify past and present admixture by determining the evolutionary origin of individuals using mitochondrial haplotypes, identifying genotypic population clusters and by quantifying contemporary admixture between these clusters. Furthermore, (2) we employed landscape genetic analyses to test which environmental factors determine gene flow within cities, to compare the extent to which the landscape and environmental predictors of gene flow are consistent across cities and how these drivers relate to patterns of admixture and invasion history. With regard to the invasion history (1), we expected to find genetic clusters within cities that either represent only the native lineage, only non-native lineages or admixed hybrid swarms of native and non-native lineages. We predicted finding four different types of ongoing admixture: (i) between pure clusters of individuals belonging to the same evolutionary lineage (admixture type 0), (ii) between two pure clusters of different evolutionary origin (admixture-type 1), (iii) between a pure single-lineage cluster and a hybrid swarm of multiple lineage origin (admixture-type 2), and (iv) between two hybrid swarms (admixture-type 3). For the landscape genetics part (2), we hypothesized that for both native and non-native populations, (v) water cover would represent the most important barrier to gene flow, and (vi) buildings and canopy cover additionally increase landscape resistance, albeit to a lesser degree. For non-native populations, we predicted that (vii) railway tracks and adjacent habitats would enhance gene flow.
Material and methods (a) Species account
The common wall lizard, P. muralis, is a small lacertid lizard with a snout-vent length of up to 8 cm and a body weight of 4-10 g. It is well adapted to rocky habitats, including artificial stone walls and is distributed throughout southern Europe, from Spain to Turkey and southern Italy to southwestern Germany. The species comprises a large number of distinct evolutionary lineages stemming from multiple Mediterranean refugia [49, 50] . At its northernmost distribution, the common wall lizard frequents urban habitats and disturbed sites, such as road margins, stone quarries or railway tracks [44, 48] . It has successfully established populations outside its natural range in Switzerland, Austria, the UK, Canada and the USA [44] , and 106 non-native populations have been confirmed in Germany [45] . Multiple evolutionary lineages of the common wall lizard co-occur in several German cities [34] , and hybridization is common upon secondary contact [34, 46, 47] .
(b) Field methods
All four studied cities are located at the northern range margin of the species (with a mean of 140 km + s.d. 52 km between cities; electronic supplementary material, figure S1 ), where the mitochondrial Eastern France lineage is native [49] . Trier (TR) and Saarbrü cken (SB) presumably harboured only native populations, rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20180143 while Freiburg (FR) and Mannheim (MA) were known to contain mixed introduced populations [34] .
We followed the same method as previously applied to the native Trier population [16] , the results of which are included for comparison. We produced fine-scale distribution maps covering the respective citywide distribution of lizards, from which 200 random sampling points were produced across each city, weighted by the relative local abundance of lizards (details are given in electronic supplementary material, section 1). Individual-based sampling schemes are regarded superior to population-based sampling in continuously distributed species and in areas of uncertain dispersal success, where a priori assignment of populations is difficult or even impossible [51 -53] . Multiple samplings of single individuals were avoided by sampling each locality within cities only once or within a few days and using colour marks that persisted for approximately two to three weeks. Furthermore, if a locality had to be resampled at a later stage, previously taken individual photographs were referred to in order to avoid duplicate sampling.
(c) Barcoding evolutionary lineages
We obtained DNA by buccal swabbing individuals using sterile dry swabs (Copan Diagnostics Inc., 'Sterile R') [54] . Samples were stored within 12 h of collection at 2208C until DNA extraction. DNA extraction was carried out according to the manufacturer's protocol of the Qiagen DNEasy blood and tissue kit. Evolutionary lineages were identified using a 500 bp sequence of the mitochondrial cytochrome b gene for a total of 819 individuals (221 out of 223 from Trier; all 203 from MA; 195 out of 197 from Saarbrü cken; 200 out of 203 from Freiburg). Sequences were aligned with sequences of known native geographical origin of all lineages known to have established in Germany, and a phylogenetic tree was constructed using Podarcis siculus and Podarcis melisellensis as outgroups. We applied a maximum composite likelihood substitution model and the neighbour-joining method with 2000 bootstrap replicates to assign lineages using MEGA6 [55] . Details for PCR conditions and GenBank accession numbers of used sequences are given in the electronic supplementary material (section 2).
(d) Microsatellite analysis of population structure
All individuals were genotyped at 17 microsatellite loci. Details on loci, PCR conditions and determination of fragment lengths are given in electronic supplementary material, section 2. Population structure was inferred using STRUCTURE (v2.3.4; [56] ). We used the correlated allele frequency model and the admixture model in STRUCTURE and ran Markov chain Monte Carlo simulations with a burn-in of 100 000 followed by 1 000 000 simulations. First, we ran simulations across cities for K ¼ 1-25 with 10 iterations per K. Following a hierarchical approach, we continued exploration within cities with the same settings but with K ¼ 1-15. We used STRUCTURE HARVESTER [57] to determine the second-order rate of change (DK) [58] . However, the DK method has recently been shown to underestimate population structure, identifying only the highest level of genetic differentiation even within hierarchically structured populations [59] . Therefore, we adopted the approach by Schulte et al. [34] to detect further population structure beyond max DK, accepting the highest value of K that produces clusters that all contain at least one individual with a Q-value of at least 0.9. This method has been shown to produce similar results to independent structure runs within structure clusters [34] . Q is the assignment probability for each individual to a cluster (scaled from 0 to 1). Clusters to which no individuals were assigned with a high probability are therefore ignored [34] . Replicate STRUCTURE runs were combined in CLUMPP to identify optimal clustering solutions across runs (v.1.1.2; [60] ) using standard parameter settings and FullSearch algorithm for K ¼ 2-3, Greedy for K ¼ 4-7 and FullKGreedy for K ! 8. We plotted results for spatial representation using ArcGIS (v.10.2.1 qEsri Inc.). For each genetic cluster detected by STRUCTURE, we calculated the number of mtDNA lineages and estimated p-diversity using the maximum composite likelihood model [61] . Using GenAlEx (v.6.501; [62] ), we calculated a principal coordinate analysis based on genotypic distances, unbiased expected heterozygosity, allelic richness, F ST -values and deviations from Hardy-Weinberg equilibrium (HWE). Deviations from HWE were detected in between one and 11 clusters per locus (or between zero and six loci per cluster), but no locus showed a general pattern of deviation from HWE. Deviations from HWE were expected, as populations still in the process of expansion and admixture are unlikely to be in equilibrium. Using FSTAT (v.2.9.3.2; [63] ), no genotypic disequilibrium was detected within cities at the 5% significance level based on 2400 permutations.
(e) Analyses of parental clusters and admixture-types
Owing to the unknown invasion histories of urban wall lizard populations, we inferred clusters, determined their lineage composition and distinguished four different admixture-types. The Q-values generated for each individual by CLUMPP formed the basis for this. In a first step, we characterized 'parental cluster' by referring only to individuals with Q ! 0.9 for any given cluster. If all individuals of a parental cluster carried haplotypes of the same mtDNA lineage, it was considered of single lineage origin in further analyses. If two or more mtDNA lineages were found among individuals of a parental cluster, it was considered a hybrid swarm. Admixture-types were calculated for all individuals with maximum Q-values of less than 0.8. We applied this conservative threshold of Q-values, omitting individuals with Q-values between 0.8 and 0.9, to prevent overestimation of admixed individuals [34, 64] . The following four admixturetypes were distinguished: admixture-type 0 indicates admixture between two clusters consisting of individuals belonging to the same evolutionary lineage. Admixture-type 1 stems from two single-lineage clusters of two different evolutionary lineages. Admixture-type 2 is admixture of a single-lineage cluster with a hybrid swarm, i.e. a cluster of multiple lineage origin. Finally, admixture-type 3 is admixture of two hybrid swarms. Of these four admixture-types, we expected to find admixture-type 0 in Trier and Saarbrü cken because these cities are thought to be comprised of only native populations. In other cities, admixture-type 0 may also be found, either between native or non-native populations. Admixture-type 1 should be most prevalent if multiple introductions of different lineages had occurred. Admixturetypes 2 and 3 should prevail when hybridization has been common between lineages, and the resulting hybrid swarms constitute either one or both parental clusters, respectively. This should be dependent on the degree of previous hybridization, and the latter type is presumably unique to areas with frequent introductions and exceptionally high levels of hybridization among lineages.
(f ) Landscape and species distribution modelling 
, which regularly change between years [44] . We created 10 of the 12 layers specifically for this study, to encompass all habitat requirements essential for P. muralis. Environmental factors included: (i) aspect; (ii) substrate type; (iii) canopy cover; (iv) vegetation type; (v) structural diversity; (vi) south-facing walls; (vii) buildings; (viii) roads; (ix) traffic volume; (x) water cover; (xi) railway tracks. Furthermore, we created (xii) habitat suitability maps (SDMs). We used a presence-only (PO) method (Maxent v.3.3.3 [65] ) to build SDMs. We applied a procedure to prevent overestimation of resistances due to effects of artificial boundaries [66] . More details on environmental factors and grid creation are given in the electronic supplementary material, section 3, and in section 4 for SDMs.
(g) Landscape genetic analysis: optimization of grids Effects of environmental factors on gene flow were assessed using pairwise genetic distances of individuals and the R-package ResistanceGA v.3.1-1 [67] . We calculated Nei's genetic distance [68] between individuals using Alleles in Space (v.1.0) as a proxy for functional connectivity [69] . Employing a genetic algorithm, ResistanceGA transforms resistance surfaces to maximize fit to the specified genetic distances, based on AICc values of linear mixed effect models [67] . This circumvents typical issues of subjectivity in assigning resistance values and makes a wider parameter space disposable for the process of optimization [70, 71] . It uses the commuteDistance function of the R-package gdistance v.1.2-1 [72] to calculate pairwise resistance distances between individuals similar to CIRCUITSCAPE [73] . As only one sample location can be specified per grid cell, and due to small inter-sample distances, we thinned samples randomly (Trier ¼ 199; Saarbrü cken ¼ 128; Mannheim ¼ 193; Freiburg ¼ 161). As recommended, ResistanceGA was run twice for each environmental factor and included null and distance models for [67] . Runs were checked for convergence and AICc values were compared between runs for each environmental factor. There were mostly marginal differences in AICc values between runs and no changes in the ranks of the best-performing factors. We report the highest AICc scores for all models within cities, marginal R 2 values of models (R 2 m) and average rank of models across cities. Additional analyses became necessary when optimized SDMs, termed PO-optim models, ranked highest within cities. To identify environmental factors most relevant within PO-optim models [16] , all environmental factors were correlated to the PO-optim model and, additionally, resistance values of the PO-model were extracted per subcategory of environmental factors to identify those subcategories with high or low values.
Results (a) Invasion history and admixture of native and nonnative wall lizards
Native haplotypes were found in all cities (Trier: 100% of individuals, Saarbrü cken: 54.9%, Mannheim: 9.9% and Freiburg: 34%). We detected two non-native lineages in Saarbrü cken, three in Mannheim and four in Freiburg; this was unexpected for Saarbrü cken, which was supposed to harbour only a native population (see above). Among the introduced lineages, the Western France lineage was encountered at low frequencies in all cities (up to 5% per city), the Southern Alps lineage occurred in all cities at higher frequencies (Saarbrü cken:
41.5%, Mannheim: 68%, Freiburg: 28.5%), the Venetian lineage was found in Mannheim and Freiburg (19.7% and 1%, respectively) and the Tuscany lineage was detected only in Freiburg, but at a relatively high frequency (31.5%).
Combined Bayesian clustering of all cities showed the strongest differentiation at K ¼ 2, based upon maximum DK (figures 1 and 2), and the largest likelihood estimate at K ¼ 17 (electronic supplementary material, figure S2 ). Within cities, DK was maximal at K ¼ 2 in Trier, Saarbrü cken, Mannheim and K ¼ 4 in Freiburg (electronic supplementary material, figure S3 ). Using the Q-value approach, we identified K ¼ 3 in Trier, K ¼ 7 in Saarbrü cken and K ¼ 6 in Freiburg and Mannheim (electronic supplementary material, figure S3 shows plots of DK and L(K) per city). The spatial distribution of these clusters is shown in figure 2 . Cities with non-native lineages had a stronger population genetic structure than the native population in Trier (K ¼ 3, versus K ¼ 6-7). Saarbrü cken and Mannheim also had higher intra-city F ST values between clusters (Kruskal-Wallis
p , 0.001; electronic supplementary material, figure S4 ). Across cities, 13 of 22 clusters were classified as hybrid swarms, i.e. being composed of two or more evolutionary lineages (electronic supplementary material, table S1). At least one single lineage cluster was found in all cities, but of different origin. In Trier, only single lineage clusters were found, all of native origin. In Saarbrü cken, the only single lineage cluster was of native origin. All four single-lineage clusters in Mannheim were of non-native origin (Southern Alps and Venetian lineages). In Freiburg, one single lineage cluster of native origin was detected. With the exception of the one cluster in Saarbrü cken and all clusters in Trier, we also found admixture between each single-lineage cluster and a cluster of another lineage or a hybrid swarm. Genetic diversity Admixture-types calculated for clusters based on maximum DK and higher values of K showed similarly high levels of admixture-types 2 þ 3 in cities with introduced lizards, while distribution of admixture-types at maximum DK values was less nuanced (electronic supplementary material, table S2). As justified above, we will focus on results for higher values of K per city. As presumed, all individuals in Trier were of admixture-type 0. In Saarbrü cken, all admixed individuals were of admixture-types 2 and 3, i.e. with hybrid swarms as either one or both parental clusters, respectively. In Mannheim, all admixture-types were found, with type 2 being most frequent (type 0 ¼ 10.3%; type 1 ¼ 22.1%; type 2 ¼ 64.7%; type 3 ¼ 2.9%). In Freiburg, all admixed individuals were of admixture-types 2 and 3, as in Saarbrü cken. With 69.2% in Saarbrü cken and 91.3% in Freiburg, admixture-type 3 dominated in both cities. Averaging ranks of models across cities, water cover ranked first, followed by PO-optim models, traffic and railway tracks (electronic supplementary material, Our results show that introductions of non-native walllizards are more frequent than expected in German cities, and proportions of non-native haplotypes are extremely high in Saarbrü cken, Freiburg and Mannheim (45%, 65% and 90%, respectively; from here on referred to as 'admixed populations'). This was unexpected for Saarbrü cken, which we had included for comparison as a second 'native population'. In admixed populations, the high number of hybrid swarm clusters (13 out of 19) indicates extensive hybridization following introduction events. The spatial distribution of mitochondrial haplotypes within cities suggests that the number of introduction events greatly exceeds the number of mitochondrial lineages. Intraspecific hybridization upon introductions from multiple non-native sources has been documented previously, e.g. in seven out of eight Anolis species in Florida [74] and in nine out of 23 populations of common wall lizards in England [46] . In contrast to these two studies, cities sampled here are situated within the native range of common wall lizards. When we combined all populations in a single STRUCTURE analysis, the highest level of differentiation (max. DK ) clustered all individuals of admixed populations together but separate from the native population. As postulated previously [34] , our data emphasize a fast genetic displacement of the native gene pool in admixed populations (figures 1 and 2). Following patterns of recurrent admixture in cities consisting of multiple evolutionary lineages, the most common admixture-types were type 3 (43.6%), namely admixture between two hybrid swarms, and type 2 (42.3%), i.e. admixture between a single-lineage cluster and a hybrid swarm. However, cities varied in the proportion of admixture-types, and all types were found in Mannheim, as predicted by a scenario where a combination of admixture, founder effects and multiple introductions shape population structure. In Saarbrü cken and Freiburg, admixture-type 3 dominates, and genetically differentiated clusters of hybrid swarms prevail. In both cities, admixture dominates population structure, and, as expected, intra-city F ST values are lower compared to Mannheim, while only significantly so for Freiburg (electronic supplementary material, figure S4 ). This suggests that in Saarbrü cken and Freiburg, rapid admixture of hybrid swarms leads to a completely new genetic compositions of the population, whereas the river as a major barrier in Mannheim temporarily maintains genetic population structure with different evolutionary legacies in different parts of the city.
Contrary to natural hybrid zones, the hybrid swarms encountered here frequently consist of multiple lineages (six out of 13 clusters contain haplotypes of three to four lineages; electronic supplementary material, table S1), some of them not occurring parapatrically in their native ranges [49] . Although populations that contain up to three evolutionary lineages have previously been found in the common wall lizard [46] , the hybrid swarms encountered here occur at very fine spatial scales, e.g. within only hundreds of metres. Furthermore, lineage composition varies between hybrid swarms. For example, all five hybrid swarms in Freiburg are composed of a different set of evolutionary lineages. Potentially, frequent humanmediated introductions in cities are prerequisite to these novel hybrid zones. If the elevated genetic diversity of hybrid swarms relates to adaptive traits, they have high potential to adapt to ecological conditions. Common wall lizards have been demonstrated to adapt quickly to changing environments [75] and testing persistence and local adaptation, e.g. to urban environmental stressors [76] , of hybrid swarms could be a promising direction of future research. Little is known about the long-term persistence of hybrid swarms as typically, only single points in time have documented their existence [41] .
(b) Comparative cityscape genetics
Similar to a study on garden snails, the only landscape genetic study that also analysed replicate urban landscapes for a single species [19] , our results highlight locally important environmental drivers for intraspecific gene flow. The POoptim models explained gene flow best in Trier and Freiburg, vegetation type in Saarbrü cken and water cover in Mannheim ( figure 3 ). Whether PO-optim models only perform well in settings with high genetic -environmental associations remains unknown, but Trier and Freiburg had significantly lower intra-city F ST -values than the other cities. The environmental factors we identified also shape gene flow in other species: water cover is a strong barrier to gene flow in Trier (figure 3TR) and Mannheim ( figure 3MA ) and also in European hedgehogs [17] . Gene flow of several small mammal species is facilitated by green spaces [14, 17, 18] , and seminatural vegetation was least resistant to gene flow in Saarbrü cken (figure 3SB). While most studies that have demonstrated a negative effect of roads on gene flow were conducted outside urban environments [4] , high traffic volume was most resistant to gene flow in Freiburg ( figure 3FR ).
However, despite the different drivers of gene flow between cities, we also detected common patterns. Water cover received between three and 305 times higher resistance values than non-water cover in cities (electronic supplementary material, figures S5-S8). Therefore, the hypothesized barrier effect of water surfaces is confirmed across cities and we assume that variation in the strength of this barrier is caused by differences in river width. While a strong correlation between resistance values of water cover and river width supports this, this association requires further corroboration due to the low sample size of four cities. In contrast to the native population, railway tracks in admixed populations had 2-80 times lower resistance values than surrounding areas. Thus, our data reveal differential utility of railway tracks and highlight the importance of these cityscape elements for gene flow in non-native populations only. Because of their suitability as habitats for the wall lizard, railway embankments probably play a major role for dispersal of non-native wall lizards in cities [48] . Intriguingly, gene flow in the native population does not benefit from railway tracks. Speculatively, either colonization took place before railway tracks were built in Trier or differential dispersal by hybrids, e.g. spatial sorting, is responsible for this contrasting patterns [77] .
Conclusion
In the Anthropocene, introductions of non-native taxa are common in cities. Therefore, cities are likely to become major playgrounds for hybridization. Using a comparative cityscape genetic approach, we demonstrated recurrent and extensive rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20180143 admixture in all cities after introduction of non-native evolutionary lineages. Consistently, the native lineage was genetically displaced in all three cities with introduced populations. Furthermore, admixture between hybrid swarms of differential lineage composition frequently occurred at small spatial scales. Based upon our models, we expect introduced lizards to spread along railway tracks, and hybridize with other wall lizard populations, regardless of their evolutionary origin. While water cover is a strong barrier to gene flow within cities, even wide rivers do not prevent hybridization. Subsequently, human-mediated introductions have repeatedly led to the emergence of novel hybrid zones and these novel admixture processes will determine future evolutionary pathways of urban lizards. Data accessibility. Input files for ResistanceGA and microsatellite genotypes are available on Dryad (http://dx.doi.org/10.5061/dryad. p564p61) [78] .
